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[Title of Document] Specification 

[Title of the Invention] POLYLACTIC ACID MULTIFILAMENT 

AND PROCESSES FOR PRODUCING THEREOF 

[Claims] 

[Claim 1] A polylactic acid multif ileiment characterized by 
comprising a polylactic acid resin, having an inert of 2.0 or 
less and having a boil-off shrinlcage of 12% or less wherein the 
polylactic acid comprises 98% or more of L-isomer and has a 
relative viscosity of 2.7 to 3.9, the amount of monomer is 0.5% 
by weight or less, the content of Sn (tin) is 30 ppm or less 
and the polylactic acid is in a straight chain form. 
[Claim 2] A process for producing a polylactic acid 
multifilament characterized by carrying out drawing that 
comprises melt-spinning a polylactic acid resin, drawing it 
between a roller heater (1) and a roller heater (2) and then 
heat -setting it with the roller heater (2) wherein the 
polylactic acid comprises 98% or more of L-isomer and has a 
relative viscosity of 2.7 to 3.9, the amount of monomer is 0.5% 
by weight or less, the content of Sn (tin) is 30 ppm or less 
and the polylactic acid is in a straight chain form. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to a synthetic fiber having 
biodegradability and to a process concerning improvement in 
dyeing unevenness during dyeing of the fiber. 
[0002] 
[Prior Art] 

The multifilament fiber material that is now used most 
widely is the synthetic resin such as polyesters represented 
by polyethylene terephthalate and polyamides represented by 
nylon 6 and nylon 66. 
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[0003] 

Although the synthetic resin has the merit that it can 
be produced in large quantities at low cost, there is a problem 
with it concerning a process of its disposal after use. That 
is, a fiber formed of a synthetic resin mentioned above hardly 
decomposes in the natural environment and it has a possibility 
of generating a great amount of heat of combustion on its 
destruction by fire. 
[0004] 

Then, there recently have been proposals of using 
polycaprolactone, poly lactic acid and so on, synthetic resins 
having biodegradability , for multifilament applications. 
These synthetic resins certainly have the merit of having 
biodegradability, but there are more problems with them 
concerning dyeing unevenness during dyeing in comparison with 
the conventional (non- biodegradable) synthetic resins. 
[0005] 

Conventionally, there is a problem with a polylactic 
acid- type biodegradable fiber that it exhibits poor inert and 
causes fine unevenness of yarn in a usual spinning and drawing 
process, resulting in dyeing unevenness during dyeing. 
[0006] 

Therefore, no multifilament has been obtained that 
generates no unevenness during dyeing and is equivalent to 
fibers obtained by using synthetic resins as a raw material. 
[0007] 

[Problem to be Solved by the Invention] 

The inventors of the present invention provide a 
polylactic acid multifilament free from dyeing unevenness 
during dyeing through the improvement in unevenness of yarn 
achieved by severely examining the physical properties of a 
polylactic acid used as a raw material of fiber, using a 
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polylactic acid having specific physical properties and 

examining the spinning and drawing process. 

[0008] 

[Means for Solving the Problem] 

The above-mentioned object can be attained with a 
multifilament fiber characterized by comprising a polylactic 
acid resin wherein the polylactic acid comprises 98% or more 
of L- isomer and has a relative viscosity of 2 . 7 to 3 . 9 , the amount 
of monomer is 0.5% by weight or less, the content of Sn (tin) 
is 30 ppm or less and the polylactic acid is in a straight chain 
form, the multifilament fiber being obtainable through a 
specific spinning and drawing process. 
[0009] 

[Mode for Carrying out the Invention] 

The polylactic acid used for the present invention has 
a straight chain structure. In other words, it has almost no 
branched structure. In the conventional proposals, in order 
to improve the melt viscosity and the degree of polymerization, 
a little amount of branching agent is added when a polylactic 
acid is polymerized. However, the inventors of the present 
invention conf ixmed that in the producing of a polylactic acid 
fiber, the branched structure of the raw material resin acts 
on the spinning workability far negatively in comparison to the 
usual polyester fibers. In other words, a polylactic acid 
having a branched structure, even if in a very slight amount, 
has a problem of tenacity wealcer than that a polylactic acid 
having no branched structure has. 
[0010] 

In order to eliminate a branched structure, it is 
recommended never to use anything that causes the raw material 
of a polymer to generate a branched structure, or any trivalent 
or tetravalent alcohol, or any carboxylic acid. Even in the 
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case of using a component having such a structure from another 
certain reason, it is important to limit the amount of such a 
component to a minimum amount such that spinning operations such 
as yarn breakage are not affected. 
[0011] 

The polylactic acid used for the present invention is 
obtained by using L-lactic acid, D-lactic acid, or L-lactide 
or D-lactide which are dimers of lactic acid, or mesolactide 
as a raw material , and it is important that the polylactic acid 
is one comprising 98% or more of L-isomer . This is because when 
the proportion of D- isomers is increased, a polylactic acid 
becomes to have a non-crystalline structure and oriented 
crystallization does not proceed during a spinning and drawing 
process , resulting in poor physical properties of fibers to be 
obtained. In particular, the tenacity is greatly reduced while 
the boil-off shrinkage becomes too great, and therefore, such 
a polylactic acid cannot be practically used* 
[0012] 

In the polylactic acid used for the present invention, 
the content of Sn in the polymer must be 30 ppm or less, and 
is preferably 20 ppm or less. An Sn-based catalyst is used as 
a polymerization catalyst of polylactic acids. However, if it 
exists in an amount exceeding 30 ppm, depolymerization occurs 
during spinning and therefore the nozzle filtering pressure 
increases in a short period of time, resulting in a remarkable 
deterioration of spinning workability. 
[0013] 

The amount of Sn can be reduced by saving in the amount 
thereof used in polymerization or by washing chips with a 
suitable liquid. 
[0014] 

In the polylactic acid used for the present invention. 
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the content of monomers is 0.5% by weight or less, preferably 
0 . 3% by weight or less , and especially preferably 0 • 2% by weight 
or less . By the "monomers" referred to in the present invention 
is meant components having molecular weights not more than 1 , 000 
determined by the GPC analysis described later. If the amount 
of monomer exceeds 0.5% by weight, yarn breakage or the like 
occurs during the spinning and drawing process, resulting in 
a remarkable deterioration of workability- This is probably 
because decomposition of monomer components caused by heat 
leads to deterioration of a polylactic acid. 
[0015] 

In order to lessen the amount of monomer in a polylactic 
acid, methods are carried out such as removing unreacted 
monomers by vacuum suction of a reaction vessel just before the 
completion of a polymerization reaction, washing 
polymerization chips with a suitable liquid, and performing a 
solid-state polymerization. 
[0016] 

The polylactic acid used for the present invention 
preferably has a weight average molecular weight Mw of 120,000 
to 220,000, more preferably 130,000 to 160,000. Its number 
average molecular weight Mn is preferably 60,000 to 110,000, 
more preferably 70,000 to 90,000. When the molecular weight 
is within these ranges, a good spinning property and a 
sufficient tenacity can be obtained. If it is out of these 
ranges , a great reduction in molecular weight is caused during 
spinning and no sufficient tenacity can be obtained. 
[0017] 

The polylactic acid used for the present invention has 
a relative viscosity (rirel) of 2.7 to 3.9. If it is lower than 
this range, a polymer becomes poor in heat resistance and no 
sufficient tenacity can be obtained. In contrast , if it becomes 
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high, the spinning temperature must be raised and a great 
thermal degradation Is caused during spinning. The relative 
viscosity Is preferably 2.9 to 3.3. 
[0018] 

As for the relative viscosity of a multifilament, the 
lower the coefficient of Its reduction caused by spinning, the 
better. For example, in the case of multifilament, the 
coefficient of viscosity reduction with respect to a polymer 
is preferably 7% or less. This is because when it is 7% or less, 
almost no decomposition of polymers occurs during spinning and 
no troubles such as yarn breakage occur during spinning, so that 
the spinning property Is good, and the tenacity in the drawing 
process becomes particularly great. 
[0019] 

The multifilament of the present Invention must have an 
inert of 2% or less. When a multifilament has an inert greater 
than 2%, the multifilament cannot be used because of its 
severely poor dyeing unevenness exhibited during dyeing. 

The inert is preferably 1% or less. 

[0020] 

Next, the process for producing of the present invention 
will be described. 

The present invention provides a process for producing 
a polylactlc acid multifilament characterized by melt-spinning 
a polylactlc acid resin having the above -described composition 
and physical properties, drawing it between a roller heater (1) 
and a roller heater (2), and heat-setting it with the roller 
heater (2). A schematic diagram of this process is shown in 
FIG. 1. 
[0021] 

In contrast to this, the conventional general drawing 
method is illustrated in FIG. 2. An undrawn yarn 10 is drawn 
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between a roller heater (21) and a cold roller (23). Heat- 
setting is performed with a plate heater (22), followed by 
winding up through the cold roller. Thus, a drawn yarn 20 is 
obtained. 
[0022] 

In the process for producing of the present invention, 
the temperature of the roller heater is preferably lOO^C to 125°C 
in order to cause a multifilament to orient and crystallize. 
[0023] 

The heat -setting of the multifilament of the present 
invention during drawing must be performed with a roller heater 
(2). By use of a roller heater, a drawing point can be fixed 
directly below the roller heater, resulting in prevention of 
unevenness in fineness of fine yarns. 
[0024] 

It is desirable to set the unevenness in fineness of fine 
yarns within the range of ±7%, more preferably ±5% or less, with 
respect to the diameter of multifilament. When it is within 
such ranges, no dyeing unevenness is found during dyeing and 
favorable dyeing can be performed. 
[0025] 

Considering the boil-off shrinkage value of fibers to be 
obtained, the heat set temperature of the roller heater (2) is 
desirably 125 to 150*'C. Further considering the productivity 
of filaments and so on, a heat set temperature of 135 to ISO'^C 
is desirable. 
[0026] 

[Effect of the Invention] 

When drawing a polylactic acid multifilament using the 
drawing method of the present invention, it is possible to 
obtain a polylactic acid fiber free from dyeing unevenness 
during dyeing. 
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[0027] 
[ Example ] 

Hereafter, the present invention will be explained 
concretely with reference to Examples. First, methods for 
analyzing physical properties of polymers are introduced. 
[0028] 

<Molecular weight > < Amount of monomer > 

A sample was dissolved in chloroform so that the 
concentration might become 10 mg/mL. Mw and Mn were measured 
by GPC analysis using chloroform as a solvent. 
RI was used as a detector. Polystyrene was used as a reference 
material . 

In addition, the amount of monomer in a polymer was 
calculated from the ratio of the components having molecular 
weights of 1,000 or less. 
[0029] 

<Relative viscosity Tirel> 

The relative viscosity was measured with an Ubbelohde's 
viscosity tube at 20°C after dissolving a sample in a mixed 
solvent of phenol/tetrachloroethane = 60/40 (weight ratio) so 
that the concentration of the sample might become 1 g/dL. 
[0030] 

(Reduction coefficient of viscosity during spinning) 

The relative viscosity (Tjrel) of a multif ileiment came out 
of a spinning nozzle was measured and the reduction coefficient 
of viscosity during spinning was calculated according to the 
following formula. The residence time of the molten polymer 
in this Example was about 10 minutes. 

Reduction coefficient of viscosity during spinning (%) 
= {(Relative viscosity of a polymer —Relative viscosity of 
filaments) /(Relative viscosity of polymer }xlOO 
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[0031] 

<Sn content > 

0.5 g of sample was subjected to wet-ashing with sulfuric 
acid/nitric acid. The resultant was diluted with water into 
a 50 mL solution. Thereafter, the Sn content was measured by 
ICP emission spectrophotometry. 
[0032] 

(Measurement of tenacity and elongation) 

Using a tensile tester manufactured by Shimadzu 
Corporation, a tensile test was performed under the following 
conditions, sample length 20 cm, and tensile speed 20 cm/min. 
The strength at breakage and the elongation at breakage were, 
respectively, taken as the tenacity and the elongation. 
[0033] 

(Boil -off shrinkage) 

After application of an initial load of 200 mg to a sample 
having an initial length of 50 cm, followed by immersion of the 
sample in a boiling water for 15 minutes, followed by drying 
it in the air for 5 minutes, the boil-off shrinkage was 
calculated according to the following formula. 

Boil-off shrinkage {%) = (Initial sample length ^ Sample 
length after shrinkage) /Initial sample lengthxlOO 
[0034] 
(Inert) 

The inert (U%) was measured using USTER-TESTER 4 by 
Zwellwerger-Uster Corporation at a measuring speed of 50 m/min 
and a twisting speed of 5,000 rpm. 
[0035] 

(Fineness unevenness of yarn) 

Using USTER-TESTER 4 by Zwellwerger-Uster Corporation, 
the variation, in terms of ± percentage, of the diameter of a 
multifilament obtained at a measuring speed of 50 m/min and a 
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twisting speed of 5000 rpm, was measured. 
[0036] 

(Dyeing property) 

A filament after drawing was woven into a textile, which 
was then subjected to normal pressure dyeing using a disperse 
dye. Thereafter, the dyeing property was rated into the 
following two levels ( , x) based on dyeing unevenness, 
dimension stability, pilling, etc. 

: Dyeing property is good. 
X: Dyeing unevenness is poor. 
[0037] 
(Fluff) 

The condition of fluff formation in a yarn wound-up during 
drawing was rated based on the following two-level standard ( , 

X). 

: No formation of fluff is found, 
x: Formation of fluff is found. 
[0038] 

[Polymerization of a polymer] 

A polylactic acid was polymerized by the usual method 
using L-lactide and D-lactide as raw materials and tin octylate 
as a polymerization catalyst. For comparison, a polymer 
containing 0 . 1 mol% of trimellitic acid as a cross linking agent 
was also polymerized. The polymers obtained were subjected to 
solid-state polymerization at 135°C to reduce the amount of 
residual monomers . However, for comparison, the polymers were 
partially left without being subjected to the solid-state 
polymerization. 
[0039] 

Examples 1 to 2, Comparative Examples 1 to 8 

Each polylactic acid polymer was molten at a 
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predetermined temperature and was extracted from a spinneret 
0.3 mm In diameter. The extrudate was wound up at 3,000 m/min 
and was drawn to form a multifilament of 75d/24f , which was then 
rated its dyeing property. 
[0040] 

Comparative Examples 1 to 2 are results in the case where 
there were much amounts of residual Sn or monomers. When there 
were much amounts of residual Sn or monomers, there was a 
significant reduction in viscosity during spinning and 
therefore the spinning property was poor. The formation of 
fluff was found during drawing and pilling was caused during 
dyeing; thus, the condition was poor. 
[0041] 

In Comparative Example 3, a low strength was caused by 
a low polymer viscosity and a low molecular weight (Mw, Mn), 
and the formation of fluff was found during drawing, so that 
the dyeing property was poor. In Comparative Example 4, there 
was the necessity of raising the spinning temperature because 
of the high polymer viscosity and the high molecular weight (Mw, 
Mn), and therefore, there was a great reduction in viscosity 
during spinning and also the formation of fluff was found during 
drawing and pilling was caused during dyeing. Thus, the 
conditions were poor. 
[0042] 

Comparative Example 5 is a polymer having physical 
properties almost the same as Example 1 except whether a 
branched structure is present or not. However, in Comparative 
Example 5 where there is a branched structure, the formation 
of fluff was found during drawing and the dyeing property was 
poor. 
[0043] 

Comparative Examples 7 to 8 and Ex£unples 1 to 2 are 
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comparison between the case of performing the heat setting after 
drawing by use of a roller heater and the case of doing that 
by use of a plate heater wherein the same polymer was used. In 
the filaments resulting from the use of the plate heater, even 
when the setting temperature was varied, elongation points were 
not set and the inert nor the unevenness of yarn was improved 
and dyeing unevenness during dyeing was caused; thus, the 
conditions were poor. As for the filaments resulting from the 
use of the roller heater, there was no problem in unevenness 
of yarn and good dyeing properties were obtained. 
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[0044] 



[Table 1] 





Compcurative Examples 




No 


1 


2 


3 


4 


5 


6 


7 


8 


Sn content (ppm) 


62 


18 


16 


15 


19 


21 


16 




Polymer relative 
viscosity (Tjrel) 


2.94 


2.92 


2.50 


4.02 


3.04 


3.05 


3.05 




Amount of monomer 
(weight %) 


0.24 


1.02 


0.25 


0.24 


0.26 


0.27 


0.24 




Mw/10* 


13.5 


14.4 


10.0 


23.8 


14.8 


14.5 


14.8 




Mn/10* 


6.6 


7.0 


5.0 


12.1 


7.6 


7,1 


7.6 




Branched structure 


Non 


Non 


Non 


Non 


Yes 


Non 


Non 


*- 


L- isomer (%) 


95-5 


98.2 


97.6 


97.0 


99.0 


92.6 


98.6 


<- 


Spinning temperature 
CC) 


230 


230 


230 


245 


230 


230 


230 


230 


Reduction 

coefficient of 
viscosity during 
spinning (%) 


18 


10 


16 


15 


6 


3 


4 


4 


Drawing ratio 


1.7 


1.7 


1.7 


1.7 


1.7 


1.7 


1.7 


1.7 


Roller heater (1) 


110 


110 


110 


110 


110 


110 


110 


110 


Roller heater (2) ''C 


135 


135 


135 


135 


135 


135 






Roller heater (3) °C 


_ 


_ 


_ 




- 


- 


135 


115 


Tenacity (g/d) 


3.00 


3.78 


3.21 


4.02 


3.98 


3.03 


5.12 


5.15 


Elongation ( % ) 


26.3 


27.6 


26.8 


30.2 


29.6 


30.3 


30.3 


30.5 


Boil-off shrinkage 
(%) 


11.2 


10.2 


10.2 


10.3 


10.2 


30.5 


9.6 


15.0 


Inert {U%) 


1.78 


1.23 


1.83 


1.82 


1.54 


1.56 


3.80 


2.50 


Unevenness of yarn 
(%) 


±6 


±5 


±5 


±6 


±5 


±5 


±15 


±10 


Fluff 


X 


X 


X 


X 


X 








Dyeing property 


X 


X 


X 


X 


X 


X 


X 


X 
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Example 


No 


1 


2 


Sn content (ppm) 


16 




Polymer relative viscosity (T|rel) 


3.05 




Amount of monomer (weight %) 


0.24 




Mw/10* 


14.8 




Mn/10* 


7.6 




Branched structure 


Non 




L-isomer (%) 


98.6 




Spinning temperature (**C) 


230 


230 


Reduction coefficient of viscosity during 
spinning ( % ) 


4 


4 


Drawing ratio 


1.7 


1.7 


Roller heater (1) °C 


110 


110 


Roller heater (2) "^C 


135 


150 


Roller heater (3) °C 


- 


- 


Tenacity (g/d) 


5.15 


5.18 


Elongation ( % ) 


28.7 


27.6 


Boil-off shrinkage (%) 


9.6 


8.0 


Inert (U%) 


1.20 


1.19 


Unevenness of yarn (%) 


±5 


±5 


Fluff 






Dyeing property 







[Brief Description of the Drawings] 
[FIG. 1] 

A schematic diagram of a drawing process of the present 
invention. 
[FIG. 2] 

A schematic diagram of a drawing process of the 
conventional method. 

[Explanations of Letters or Numerals] 
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1, 2 Roller heater 

10 Non- drawn yarn 

20 Drawn yarn 

21 Roller heater 

22 Plate heater 

23 Cold roller 



[Title of Document] Drawings 

[FIG.l] 

[FIG- 2] 
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[Title of Document] Abstract 

[Abstract] 

[Subject] 

To provide a polylactic acid fiber excellent in dyeing 
property and a method of its production. 
[Solving Means] 

A polylactic acid multifilament characterized by using 
a polylactic acid resin , having an inert of 2 . 0 or less and having 
a boil-off shrinkage of 12% or less wherein the polylactic acid 
comprises 98% or more of L-isomer and has a relative viscosity 
of 2.7-3.9, the amount of monomer is 0.5 % by weight or less, 
the content of Sn (tin) is 30 ppm or less and the polylactic 
acid is in a straight chain form. 
[Selected Drawing] FIG. 1 
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